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doi:10.1016/j.pedneo.2011.11.009Background: To investigate the use of three-dimensional (3D) brain magnetic resonance
imaging (MRI) to evaluate in preterm children with periventricular leukomalacia.
Materials and Methods: Semiautomated 3D classification of the gray and white tissues was
used to reconstruct brain images of patients with confirmed periventricular leukomalacia from
2D MRI.
Results: We studied 14 preterm patients. The gestational age ranged from 25e37 weeks. The
corrected age ranged from 5e49 months. We reconstructed the gray matter, white matter,
and ventricles in order to analyze the brain volume.
Conclusion: Three-dimensional MRI is a good tool that can be used to demonstrate brain lesions
in stereo and differentiate the gray matter, white matter, and ventricles. Brain volume can also
be accurately evaluated.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Periventricular leukomalacia is a common problem in
preterm infants. Periventricular lesions mainly affect the
corticospinal tract. Motor function involvementmay result inof Pediatrics, Taipei Medical
r 111, Section 3, Hsing-Long
ail.com, b221592002@gmail.
an Pediatric Association. Publishspastic monoplegia, diplegia, or hemiplegia. In recent years,
the study of gross neuroanatomy and its relationship to brain
functions has been re-energized with the advent of imaging
techniques and powerful computational tools that can
analyze high-resolution three-dimensional (3D) images.1
Magnetic resonance imaging (MRI)-based brain volumetric
analysis has been established as a morphometric technique,
with both anatomical and clinical utilities.2 In pediatrics, 3D
MRI of the brain has been used to study normal brain
development, autism, and attention-deficit hyperactivity
disorder.1 Herein, we report the characteristics of 14ed by Elsevier Taiwan LLC. All rights reserved.
46 H.-F. Chou et alpremature children whowere diagnosed with periventricular
leukomalacia using 2D MRI. We also analyzed their brain
features using 3D MRI.
2. Materials and Methods
We reviewed the medical charts of 14 preterm patients
(nine males and five females) who had been diagnosed with
periventricular leukomalacia at the Pediatric Department
of Wan Fang Medical Center and had received 2D brain MRI
in 2005. Prior to this study, we obtained the consent of the
parents and approval from the hospital’s ethics committee.
The methodology for 3D-image reconstruction begins by
setting the indicator for MRI scanning to a mode suitable for
the 3D-reconstruction process. A GE 1.5 Tesla Excite
machine (Arkansas City, KS, USA) was used at our hospital.
The scans were transmitted from an MR-unit database to an
established workstation and collected for algorithmic
reconstruction. The 3D Avizo software system (version 5.1;
Mercury Computer Systems, Harbor City, Germany) was
used for image processing.
The image files were imported into the 3D Avizo soft-
ware for image segmentation. The regions of interest were
identified using the software’s “brush” and “wrapper”
tools. The skull component of the brain was visually
removed from the regions of interest using an arithmetic
module that isolates the cerebral component.
Grayscale values were limited to 110e155 of 1024 (210)
scales in order to approximate the boundary of the gray
matter (GM). Use of the software’s “threshold” and “edge
detection” tools allowed for precise delineation of the GM.
Certain areas that were less than 50 pixels (area < 0.1 cm2)
were removed in order to eliminate any erroneously iden-
tified GM. The procedure was then repeated for white
matter (WM) with grayscale values in the range of 75e95 of
1024 scales. Subsequently, volumetric measurements of the
GM were computed using the following formula: volume of
the cortex Z (number of voxels within the cortex) 
(volume per voxel). This formula can be modified to
compute the WM and whole brain volumes.Table 1 Characteristics and brain volumes of all patients.
No. Sex GA (wks) BW (gm) CA (mon) Type of CP
1 M 27 924 5 Quadriplegia
2 M 31 1598 7 Diplegia
3 F 28 920 8 Diplegia
4 M 25 824 10 Diplegia and left h
5 M 25 820 10 Diplegia
6 M 31 1490 15 No CP
7 F 31 1670 18 Quadriplegia
8 F 32 1400 18 Diplegia
9 M 31 1400 19 Quadriplegia
10 F 28 846 20 Hemiparesis
11 M 37 1775 25 Unknown
12 F 29 1450 34 Quadriplegia
13 M 34 2500 45 Unknown
14 M 33 Unknown 49 Unknown
MZ male; BWZ birth body weight; CAZ corrected age; CPZ cereb
V Z ventricle; WM Z white matter.Finally, we evaluated the volumes of the GM, white
matter (WM), ventricles (V), and total brain.
3. Results
We included 14 patients whose clinical data are presented
in Table 1. The mean gestational age was 28.4  3.4 weeks
(range: 25e37 weeks), and the mean corrected age was
19.7  13.7 months (range: 5e49 months). Birth weight and
type of cerebral palsy were also recorded.
The 3D MRI images of the brain are shown in Figure 1.
These configurations can be rotated to any angle for
observation purposes (Video 1). Some abnormalities of the
brain are more easily visualized than others, such as flat
cortical sulci (Figure 2), WM loss (Figure 3), and ven-
triculomegaly (Figure 4). These lesions were more visible on
stereo images of the brain, which helped us locate them.
Supplementary video related to this article can be found
at doi:10.1016/j.pedneo.2011.11.009.
The patients’ total brain, GM, WM, and V, with respect
to their volumes, are also listed in Table 1. The smallest
total brain and GM volumes were found in patient 1, whose
corrected age was 5 months, gestational age was 27 weeks,
birth weight was 929 g, and was diagnosed with quadri-
plegia. The largest V volume was found in patient 7, and the
smallest WM volume was in patient 10.
Our patients were divided into the following groups:
diplegia, quadriplegia, and other. We compared the volume
ratios of the GM, WM, and V to the whole brain. We found
that the V volume ratio of the quadriplegia group was
higher than that of the other two groups, and the WM
volume ratio of the diplegia group was lower than those of
the other two groups. However, these differences were not
statistically significant (Table 2).
4. Discussion
Semiautomated 3D classification of GM and WM was used for
3D-image reconstruction. The advantage of this method isGM (mL) WM (mL) V (mL) Total brain (mL)
336.85 59.78 39.46 436.09
612.21 198.72 51.48 862.41
568.96 98.55 23.68 691.19
emiparesis 614.44 132.38 24.26 771.09
569.84 105.97 33.50 709.30
542.32 234.02 21.16 797.49
556.47 155.36 87.26 799.08
435.13 170.61 17.47 623.21
564.50 274.93 54.66 894.09
411.13 46.14 18.65 475.93
688.87 234.92 45.10 968.90
640.85 198.80 24.13 863.79
743.06 300.46 31.75 1075.27
649.31 195.15 32.02 876.47
ral palsy; FZ female; GAZ gestational age; GMZ gray matter;
Figure 3 White matter damage. (A) Age-matched normal
control. (B) Lateral view of white matter of patient 10 showing
bilateral white matter loss.
Figure 1 Three-dimensional brain MRI of patient 2, a diple-
gic 7-month-old child with a gestational age of 31 weeks and
birth body weight of 1598 gm. (A1) Anterioreposterior view of
the entire brain; (A2) lateral view. (B1) Anterioreposterior
view of white matter; (B2) lateral view. (C1) Anterior-posterior
view of ventricles; (C2) lateral view.
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WM. Images can be rotated to any angle, so WM defects can
be observed more clearly. In addition, different brain tissue
volumes can also be calculated.
Several studies have suggested that cortical GM and WM
volumes show dynamic changes throughout childhood.
Matsuzawa et al observed that the volumes of both GM and
WM increase rapidly during the first 2 years of life, followed
by a more gradual expansion.2Figure 2 Gray matter damage. (A) Age-matched normal
control. (B) Lateral view of gray matter of patient 10 showing
flat sulci.Several factors affect brain volume. WM injuries are
associated with a reduced total cerebral volume compared
with controls. Thompson et al examined 202 preterm
newborns, including those with WM injuries. Their results
reveal that preterm infants have less total tissue than
controls due to reduced GM volume and enlarged V in the
WM.3
Birth weight was the most significant perinatal variable
associated with cortical morphology in the preterm group.
Birth weight demonstrated significant negative correlations
with parietal and frontal GM. In preterm infants, the frontal
and parietal volumes are enlarged and the temporal volume
is relatively decreased.4
In our study, the quadriplegia group had a higher V:total
brain volume ratio. This may have resulted from paren-
chyma loss. The diplegia group had a lower WM:total brain
volume ratio, which may imply that WM is the main area
affected by brain injuries in infants. However, there are
many other factors that could affect this ratio. According to
Shen et al, who reported normal GM, WM, and total brain
volumes in patients of different ages, the GM:WM ratio is
dynamic, especially in early childhood.5 Therefore, we
need more data to support our results.
Due to the limited number of cases, we could not
construct an age-related brain development curve in this
study. In further studies, we plan to investigate the rela-
tionship between clinical features (e.g., type of cerebral
palsy and birth weight), brain volume, functional impair-
ment, and regional brain volume.Figure 4 Ventriculomegaly. (A) Age-matched normal
control. (B) Lateral view of ventricles of patient 7 showing
enlargement of the left ventricle.
Table 2 Ratios of gray matter, white matter, and ventricular volumes to whole brain volume in different groups.
Group N GA (wks) BW (gm) CA (mo) The ratios of GM, WM, and V to the whole brain volume
Mean  SD GM Mean  SD (%) WM Mean  SD (%) V Mean  SD (%)
Diplegia 3 28  2.4 1112.6  345.6 8.3  12 77.88  4.94 17.41  3.98 4.70  1.03
Quadriplegia 4 29.5  1.6 1361  271.9 19  10.3 71.05  5.31 21.72  6.17 7.21  3.07
Other 7 31.3  3.9 1487  626 27.3  14.6 74.72  6.46 21.77  6.69 3.49  0.66
BW Z birth body weight; CA Z corrected age; CP Z cerebral palsy; GA Z gestational age; GM Z gray matter; N Z case number;
SD Z standard deviation; V Z ventricle; WM Z white matter.
48 H.-F. Chou et al5. Conclusion
Three-dimensional MRI is a good tool that can be used to
demonstrate brain lesions in stereo and differentiate the
GM, WM, and V. Brain volumes can also be accurately
evaluated using 3D MRI.References
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